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(57) A system 10 for indicating the level of a liquid 
26 in a container 28 is operable with either an analog 
type liquid level sensor 18 producing an output signal 
24 which varies linearly in magnitude with the level of 
liquid, or a digital liquid level sensor 1 8' producing a cy- 
clic pulse width modulated signal 24' which varies in du- 
ration according to the liquid level. One or the other type 
sensor 24, 24' is connected to an analog wire 16 and a 
microprocessor 1 4 is programmed to detect positive and 
negative going edges 40', 42' of pulses on the wire 16 



and generate values representing the duration of the 
pulses. If pulse edges 40V 42' are detected, the micro- 
processor 14 uses the generated values representing 
the duration of the pulses to access a conversion table 
and obtain a multi-bit value for energizing a display 20. 
If no pulse edges are detected, the magnitude of the sig- 
nal on the analog wire 16 is converted to an equivalent 
digital value which is applied to a second conversion ta- 
ble to derive a multi-bit value for energizing the display 
20. The liquid 26 may be a fuel and the container 28 
may be the fuel tank of a vehicle. 
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Description 

[0001] This invention relates to liquid level indicator 
systems and more particularly to a method and appara- 
tus for determining whether a liquid level sensor provid- 
ing input to the system is an analog type or a digital 
(pulse type) sensor. The invention will be described with 
reference to the measurement and indication of the fuel 
level in the tank of a vehicle but it is applicable to sys- 
tems for indicating the level of any liquid in any contain- 
er. 

[0002] Sensors using analog technology for determin- 
ing the level of fuel in a vehicle fuel tank have long been 
known. These sensors may employ a variation in resist- 
ance, capacitance, etc. with fuel level to develop an an- 
alog output signal having a magnitude proportional to 
the level of fuel in the tank. The signal may be applied 
to the coil of a visual fuel level indicator to displace a 
pointer over a dial or it may be converted to a digital 
value for driving a numeric or a bar graph display. In the 
case where a variation in resistance is employed to de- 
velop the output signal, the variation in resistance may 
be obtained by using afloat element which floats on the 
surface of the fuel and selectively closes switches to 
change the resistance in the sensor circuit as the fuel 
level changes. A typical fuel gauge of this type is dis- 
closed in US-A-5.532.673. 

[0003] More recently, sensors employing digital tech- 
nology have been developed. These sensors have no 
moving parts and produce a cyclic pulse width modulat- 
ed signal indicating the level of fuel in the tank. The dig- 
ital type sensor will function with a dial and pointer type 
indicator because the pointer driving coil of the indicator 
averages the pulse width modulated signal. However, 
the digital sensor and analog sensor output signals must 
be processed differently in order to develop an output 
signal for driving a numeric or a bar graph display. 
[0004] Since the pulse type sensors have no moving 
parts and are generally more reliable than sensors em- 
ploying analog technology it is desirable to use them on 
newly produced vehicles and as replacement sensors 
on older vehicles. Also, it is desirable that the two types 
of sensors be interchangeable so that, in the event of 
sensor failure, either type may be used as a replace- 
ment part depending on availability. These options are 
available only if the controller which processes the sig- 
nals for numeric or bar graph display is capable of au- 
tomatically recognizing which type of sensor is currently 
installed on a vehicle. 

[0005] It is therefore an object of the present invention 
to provide a method and apparatus for determining 
whether the liquid level sensor installed in a system is 
an analog or a digital type sensor. 
[0006] According to a first aspect of the present inven- 
tion, a liquid level indicator system is provided including 
a display responsive to bits of a digital signal for indicat- 
ing the level of liquid in a container. 
[0007] The system is characterized in that it is opera- 



ble with either an analog type liquid level sensor or a 
digital type liquid level sensor connected to an input 
wire, said system further including a microprocessor 
programmed to determine, from a characteristic of a sig- 
5 nal on said wire, the type of sensor connected to the 
wire, the microprocessor being programmed to process 
the signal on the wire in one way to develop the digital 
signal for energizing the display when it is determined 
that an analog type liquid level sensor is connected to 
10 the wire and in a second way to develop the digital signal 
for energizing the display when it is determined that a 
digital type liquid level sensor is connected to the wire. 
[0008] The system determines whether the fuel level 
sensor installed on a vehicle is of the analog type pro- 
fs ducing an output signal having a magnitude proportional 
to the fuel level or the digital type producing a pulse 
width modulated signal having a pulse duration propor- 
tional to the fuel level. 

[0009] Fuel level is indicated via a numeric or a bar 
20 graph display the system being operable with sensors 
of the type producing an analog signal or sensors of the 
type producing a pulse width modulated signal. 
[0010] According to a second aspect of the invention, 
a method is provided for operating a liquid level indicator 
25 system with either an analog type liquid level sensor or 
a digital type liquid level sensor connected to an input 
wire of the system. 

[0011] The method is characterized in that it compris- 
es the steps of : 

30 

a) sensing samples of a signal on the input wire over 
an interval of time to detect the presence of negative 
and positive going pulse edges in the signal; 

b) measuring the duration of a pulse between a neg- 
35 ative going edge and a positive going edge if both 

edges are sensed during a sample; 

c) attheendof the interval, determining if each sam- 
ple detected both a negative going and a positive 
going edge; 

40 d) if step c) determines that both negative and pos- 
itive going edges were detected in each sample, 
processing the measured duration of at least one 
pulse to derive signals for energizing a display; and, 
e) if step c) determines that both negative and pos- 
45 jtive going edges were not detected in each sample, 
digitizing the magnitude of the analog signal on the 
wire and processing the digitized magnitude to de- 
rive signals for energizing the display. 

50 [001 2] The invention will now be described further, by 
way of example, with reference to the accompanying 
drawings, in which : 

Figure 1 is a schematic circuit diagram of a liquid 
55 level indicator system operable with level sensors 
producing either an analog or a pulse type output 
signal; 

Figures 2A and 2B are waveforms representing the 



15 



20 



25 



30 



35 



40 



55 



2 



3 



EP0 985 915 A2 



4 



output signals produced by an analog type and a 
pulse type liquid level sensor, respectively; and, 
Figure 3 is a flow diagram illustrating a program rou- 
tine executed by the microprocessor of Figure 1 to 
determine the type of sensor currently installed in 
the system. 

[0013] In Figure 1, a liquid level indicator system 10 
according to the invention comprises a controller 12 
having a microprocessor 1 4 connected by an analog da- 
ta wire 1 6 to either an analog type liquid level sensor 1 8 
or a digital or pulse type liquid level sensor 18", and a 
visual indicator 20, such as a bar graph or numeric dis- 
play, connected to the microprocessor via a digital data 
bus 22. 

[001 4] The analog type fuel level sensor 1 8 is conven- 
tional and may be any known sensor producing an an- 
alog output signal 24 (current or voltage) having a mag- 
nitude which varies linearly as shown in Figure 2A with 
the level of liquid (e.g. fuel) 26 in acontainer (e.g. vehicle 
fuel tank) 28. The digital type fuel level sensor 1 8' is also 
conventional and may be any sensor producing a cyclic 
pulse width modulated (PWM) output signal 24' as 
shown in Figure 2B. Each cycle of output signal 24' in- 
cludes a "high" or "positive" portion 30' and a "low" or 
"negative" portion 32', these terms being intended as 
terms of reference for explaining the invention and not 
terms of description. During each cycle of signal 24', the 
duration of the positive and negative portions depend 
on the sensed level of fuel in the tank 28. For purposes 
of the following description it is assumed that sensor 1 8' 
is one producing an output signal wherein the duration 
of the negative portion 32' decreases as the level of fuel 
in tank 28 decreases. In Figure 2B, cycle 1 represents 
the pulse width modulated signal when the tank is full 
and cycle N represents the signal when the tank is emp- 
ty- 

[0015] Microprocessor 14 is conventional in that it in- 
cludes an Analog to Digital Converter (A/D) 34 as well 
as memories and processing circuits (not shown). The 
processor may be a Motorola type M68HC 1 1 processor. 
This processor is programmable to detect edges of a 
pulse type signal applied thereto from analog data wire 
16 via an input 36. Programming for carrying out the 
edge detection functions described below is set forth in 
detail in the Motorola M68HC11 Reference Manual, 
Section 10. 

[0016] As described in the reference manual, the mi- 
croprocessor is programmable to operate in a polled 
mode or an interrupt mode and is further programmable 
todetect positive going edges of a signal, negative going 
edges, or both positive and negative going edges. In the 
present invention, the microprocessor is programmed 
to operate in the interrupt mode and programmed to al- 
ternately detect a negative going edge such as edge 40' 
in Figure 2B and then a positive going edge such as 
edge 42'. 

[0017] A main program is executed by microproces- 



sor 14 every 32.77 ms. The program includes a fuel 
sender algorithm which is executed near the end of the 
program. As one step in the fuel sender algorithm a bit 
in a control register is set so that negative going edges 
5 of a signal on wire 16 are detected, and a -EDGE inter- 
rupt enable bit is set. The next negative going edge de- 
tected in the signal from wire 16 causes an interrupt of 
the main program and an interrupt service routine (- 
EDGE) is called. This routine first captures and saves 
the contents of a free running system timer 38. It then 
sets a Negative Edge Received flag, disables the 
-EDGE interrupt and enables a positive edge interrupt 
enable bit. Software control is then returned to the main 
program. 

[0018] When a positive going edge is detected in the 
signal on wire 16, the main program is again interrupted 
and a second interrupt service routine (+EDGE) is 
called. This routine first captures the value in the timer 
38. It then subtracts from this value the timer value cap- 
tured during execution of the -EDGE service routine. 
The difference (R-DIFF) is saved and is an indication of 
fuel level since it is a measure of the duration of the low 
portion 32' in one cycle of signal 24'. 
[0019] After R-DIFF has been stored, a counter PW- 
Calc is incremented to indicate that another time count 
representing pulse width has been calculated. Both the 
+EDGE and -EDGE interrupts are then disabled and 
control is returned to the main program. 
[0020] In an operative embodiment, the invention was 
incorporated into a system wherein controller 12 con- 
trolled many different functions of a skid steer loader. In 
this embodiment, the microprocessor 14 executed the 
main program, and thus enabled the edge detection, 
once every 32.77 ms. On the other hand, the pulse type 
sensor 18' used in this embodiment produced a PWM 
signal 24' at a frequency of about 11 kc. Thus, only one 
in about 360 cycles of a PWM signal are actually sam- 
pled and measured every 32.77 ms. This number may 
vary widely depending the program repetition rate and 
sensor output frequency in a particular application. 
[0021] According to the present invention, microproc- 
essor 14 executes a routine as illustrated in Figure 3 to 
determine which type of fuel level sensor 18 or 18' is 
installed on a vehicle. This routine is periodically exe- 
cuted as part of the main program after power is applied 
to the controller 12 and microprocessor 14. At step 100 
a Sensor Type Verified (STV) flag is tested to determine 
if it is set. This flag is reset at power-up and is set only 
after the routine has determined the type of sensor 18, 
18' connected in the system. Therefore, the first test of 
the STV flag determines that it is reset and the routine 
advances to step 1 0 1 where a Five Second Timer is test- 
ed to determine if 5 seconds have elapsed since power- 
up. Assuming 5 seconds have not elapsed, the Five 
Second Timer is incremented at step 102. 
[0022] The Five Second Timer may be implemented 
as a register or memory location which, for the first 5 
seconds after power up : is incremented each time the 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0 985 915 A2 



6 



routine is executed. Since the routine of Figure 3 is re- 
peated every 32.77 ms, the timer reaches a count of 1 53 
when approximately 5 seconds have elapsed. There- 
fore, step 101 tests the timer to determine if it holds a 
count of 153. 

[0023] The interval of 5 seconds is not critical. The 
interval should be long enough to insure that the sensor 
18 or 18' is producing a reliable indication of fuel level. 
However, if the interval is unduly long it may delay an 
accurate display of the fuel level by the fuel level indi- 
cator 20 if an analog type level sensor is connected to 
wire 16. 

[0024] After the Five Second Timer has been incre- 
mented, step 103 tests the Negative Edge Received 
(NER) flag. As previously indicated, this flag is set during 
the -EDGE interrupt routine after a negative edge has 
been detected in a signal on wire 16. 
[0025] If step 103 determines that the NER flag has 
not been set, a No Interrupts Received (NIR) timer is 
incremented at step 1 04 before proceeding to step 1 05. 
If the NER flag has been set then step 1 04 is bypassed 
and the routine advances directly from step 103 to step 
105. 

[0026] The NIR timer may be implemented as a reg- 
ister or memory location which is incremented by one 
each time the microprocessor reaches step 104. The 
NIR timer counts the number of main program cycles 
during which the NER flag is not set because no nega- 
tive going edge has been detected in the signal on wire 
16. The value in the timer, when multiplied by the time 
it takes to execute one loop of the program, provides an 
indication of the interval of time that has elapsed without 
a negative edge being detected. 
[0027] When step 105 is reached during the first ex- 
ecution of the routine, the type of sensor connected to 
the microprocessor is still not known. However, at step 
105 the microprocessor processes the pulse width in- 
formation on the assumption that a digital type sensor 
18' is connected. To process pulse width information, 
the microprocessor averages the current value R_DIFF ; 
obtained during the most recently execution of the 
+EDGE interrupt service routine with the value R_DIFF 
obtained during several, say seven, preceding execu- 
tions of the routine. The average of these eight values 
is then used to access a conversion table. The conver- 
sion table then produces a value or combination of bits 
for energizing display 20. The averaging is done to min- 
imize the effect of any "sloshing" of the fuel such as oc- 
curs when a vehicle moves over rough or uneven ter- 
rain. 

[0028] Since no values of R_DIFF have been devel- 
oped prior to the first execution of step 105, the display 
20 will display an indication that there is no fuel in tank 
28. 

[0029] After step 105 is completed, the microproces- 
sor returns to the main program. The microprocessor 
executes the fuel sender algorithm described above to 
enable negative detection and initiates a second execu- 



tion of the main program so that step 100 is reached 
32.77 ms after it was first executed. Steps 1 00-1 03 and 
105 are repeated and, if the NER flag has not been set, 
step 1 04 is also executed. Steps 1 00-1 03 (and possibly 

5 step 104) are repeated for an interval of five seconds. 
[0030] During the 5-second interval, the energization 
of display 20 varies depending on whether an analog or 
a digital type sensor is connected to wire 1 6. If an analog 
type sensor 18 is connected, a negative going edge is 

10 never detected so the interrupt service routines are not 
activated to generate R_DIFF. Since R_DIFF remains 
zero the signals to display 20 cause it to show, through- 
out the interval, that there is no fuel in the tank. 
[0031] On the other hand, if a pulse type sensor 18' 

15 is connected to wire 1 6, negative going edges of the sig- 
nal on wire 16 cause the interrupt service routines to 
begin developing values of R_DI FF, one during each cy- 
cle of the main program. As each new value of R_DIFF 
is developed, the processing at step 105, because of 

20 the averaging, produces signals causing display 20 to 
display an increasing level of fuel. After eight values of 
R_DIFF have been developed, the display accurately 
indicates the fuel level. 

[0032] Five seconds after power-up, the test at step 

25 101 determines that the five second timer holds a value 
corresponding to five seconds. The program advances 
to step 106 where the PWCalc counter is tested to de- 
termine if a PWM signal has been successfully meas- 
ured or received for the 5-second interval. As previously 

30 explained, this counter is incremented by one during ex- 
ecution of the +EDGE interrupt service routine to indi- 
cate that one cycle of a PWM signal has been success- 
fully measured. Since the +EDGE interrupt service rou- 
tine is enabled by the -EDGE interrupt service routine, 

35 the latter routine is enabled only once during each exe- 
cution of the main program, and the main program is 
executed 153 times during 5 seconds, the PWCalc 
counter will contain a count of 153 if each execution of 
the main program resulted in the successful measure- 

40 ment of one cycle of a PWM signal. Step 106 thus 
checks the PWCalc counter to determine if it holds a 
count of 153. 

[0033] If step 106 determines that the PWCalc coun- 
ter does hold a count of 153 then a PWM signal has 

45 been successfully measured for five seconds and a 
pulse type sensor 1 8' is connected to wire 1 6. The rou- 
tine advances to step 112 where the Sensor Type Veri- 
fied and a Fuel Sensor Pulse Type flag are both set be- 
fore returning to the main program. On the next and suc- 

50 ceeding executions of the routine, step 100 finds the 
System Type Verified flag set so the routine advances 
to step 113 where the Fuel Sensor Pulse Type flag is 
tested. Since this flag was set at step 112, the routine 
proceeds to step 1 05 where the pulse width data is proc- 

55 essed as previously described. Thereafter, each time 
the program reaches step 100, steps 100, 113 and 105 
are repeated to develop the signals for driving display 
20. 
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[0034] If the test at step 106 determines that a pulse 
width modulated signal has not been successfully 
measured for five seconds, a test is made to determine 
if an analog type sensor 18 is connected to wire 16. At 
step 1 07, the NIR timer is tested to determine if it holds 
a count at least as great as 107. Since this timer is in- 
cremented at step 104 every 32.77 ms if no negative 
going edge has been detected in the signal on wire 16, 
a count of 1 07 indicates that during at least 3.5 seconds 
of the interval timed by the 5-second timer a negative 
going edge did not occur in the signal. This is a good 
indication that an analog type sensor is connected to 
wire 16. The routine advances to step 111 where the 
Sensor Type Verified flag is set before returning to the 
main program. 

[0035] Once the Sensor Type Verified flag is set at 
step 111, the microprocessor processes the signal on 
wire 16 as an analog signal. The test at step 100 finds 
that the Sensor Type Verified flag is set so the Fuel Sen- 
sor Pulse Type flag is tested at step 113. Since the Fuel 
Sensor Pulse Type flag has not been set, step 114 is 
executed to develop the signals for driving display 20. 
At step 1 1 4, the analog signal on wire 1 6 is sampled and 
digitized by the analog to digital converter 34. The re- 
sulting digital value is then used to access a conversion 
table to develop the signals for driving display 20. 
[0036] If the test at step 107 fails to confirm that an 
analog type sensor is connected to wire 16 : a Verifica- 
tion Repeat Counter is incremented at step 1 08 and test- 
ed at step 109 to determine if it contains a count less 
than 3. If it does, step 110 clears all the process varia- 
bles except the Verification Repeat Counter before the 
routine returns to the main program. The entire verifica- 
tion process is then repeated. 

[0037] Only three attempts are made to verify the type 
of sensor connected to wire 16. After three unsuccessful 
attempts, the assumption is made that an analog type 
sensor is connected to the wire but verification has not 
been possible because noise or interference has 
caused spikes in the signal on the wire. Step 1 09 detects 
that three attempts have been made and the routine 
moves to step 111 where the Set Sensor Type Verified 
flag is set. Since the Fuel Sensor Pulse Type flag is not 
set, steps 100, 113 and 114 are carried out each time 
the routine is executed so that the signal on wire 16 is 
processed as an analog signal. 

[0038] From the foregoing description it is evident that 
the present invention provides a novel method and ap- 
paratus for automatically adapting a liquid level indicator 
system with a numeric or a bar graph display for use 
with either an analog or a pulse type sensor. This is ac- 
complished by identifying the type of sensor connected 
to the system from characteristics of the sensor output 
signal, and then processing the sensor output signal ac- 
cording to the identified type. 

[0039] Although the invention has been described 
with reference to digital type sensors producing a pulse 
width modulated signal, the invention is adaptable to 



distinguish between analog type sensors and other 
types of sensors producing a digital signal. For example, 
a digital sensor producing output pulses at a frequency 
proportional tothe liquid level may be distinguished from 

5 an analog type sensor by detecting pulse edges. In this 
case the main program enables interrupt service rou- 
tines as described in the aforementioned reference 
manual to measure the period or frequency of the signal 
on wire 16. Other substitutions and modifications may 

10 be made in the described embodiment without departing 
from the spirit and scope of the appended claims. 



Claims 

15 

1. A liquid level indicator system (10) including a dis- 
play (20) responsive to bits of a digital signal for in- 
dicating the level of liquid (26) in a container (28), 
and 

20 characterized in that said system (10) is op- 

erable with either an analog type liquid level sensor 
(18) or a digital type liquid level sensor (18') con- 
nected to an input wire (16), said system (10) further 
including a microprocessor (1 4) programmed to de- 
25 termine, from a characteristic of a signal (24, 24') 
on said wire (16) ; the type of sensor connected to 
the wire (16), the microprocessor (14) being pro- 
grammed to process the signal on the wire (16) in 
one way to develop the digital signal for energizing 
30 the display (20) when it is determined that an analog 
type liquid level sensor (18) is connected to the wire 
(1 6) and in a second way to develop the digital sig- 
nal for energizing the display (20) when it is deter- 
mined that a digital type liquid level sensor (18') is 
35 connected to the wire (16). 

2. A liquid level indicator (10) according to claim 1, 
characterized in that the microprocessor (1 4) is pro- 
grammed to determine if the signal (24/ 24') on said 

40 wire (16) is an analog signal (24) having a magni- 
tude which varies with the liquid level or a pulse 
width modulated signal (24 1 ) having a duration 
which varies with the liquid level, said characteristic 
being the presence or absence of pulse edges (40', 

45 42') in the signal on said wire (16). 



3. A liquid level indicator (10) according to claim 1 or 
2, characterized in that said display (20) is a bar 
graph. 

50 

4. A liquid level indicator (10) according to any of the 
preceding claims ; characterized in that said micro- 
processor (1 4) includes an analog to digital convert- 
er (34) connected to said wire (1 6) for sampling and 

55 digitizing the magnitude of a signal (24) on said wire 
(1 6) when the microprocessor (1 4) determines that 
the signal (24) on said wire (16) has no edges (40\ 
42'), and means for converting the digitized magni- 
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tude to signals for driving said display (20). 

A liquid level indicator (10) according to any ot the 
preceding claims characterized in that said micro- 
processor (14) includes means for measuring the s 
duration of pulses on said wire (16) when the micro- 
processor (1 4) detects the presence of pulse edges 
(40' : 42') in the signal (24') on said wire (16), and 
means for converting the measured durations to 
signals for energizing said display (20). 10 

A method for operating a liquid level indicator sys- 
tem (1 0) with either an analog type liquid level sen- 
sor (1 8) or a digital type liquid level sensor (18') con- 
nected to an input wire (1 6) of the system (10), and 15 

characterized in that the method comprises 
the steps of : 

a) sensing samples of a signal (24, 24') on the 
input wire (16) over an interval of time to detect 20 
the presence of negative and positive going 
pulse edges (40', 42') in the signal; 

b) measuring the duration of a pulse between 
a negative going edge (40') and a positive going 
edge (42') if both edges are sensed during a 25 
sample; 

c) at the end of said interval, determining if each 
sample detected both a negative going and a 
positive going edge (40', 42'); 

d) if step c) determines that both negative and 30 
positive going edges (40 1 , 42') were detected in 
each sample, processing the measured dura- 
tion of at least one pulse to derive signals for 
energizing a display (20); and, 

e) if step c) determines that both negative and 35 
positive going edges (40', 42') were not detect- 
ed in each sample, digitizing the magnitude of 

the signal (24) on the wire (16) and processing 
the digitized magnitude to derive signals for en- 
ergizing the display (20). 40 
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